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D. KROGER & A. GARGAS 

The basidiomycete genus Po[yporus - an emendation based 
on phylogeny and putative secondary structure of ribosomal 
RNA molecules 

With 4 Figures and one Table 

Summary 

The rungal genus Po{yporus is an assemblage of 
white· rotting lignicolous basidiomycetes. It has 
undergone considerable expansion and contraction 
over a period of two and three quarter centuries. 
Current gen~ric drcumscription of Polyporus ha~ 
kept the genus non-monophyletic. Species of Poly· 
porus infrageneric group Polyporellus arc elo.~ely 
related to some species of Lentinus. We introduce 
data for ITS2 spacer rRNA secondary 5UUCture 
evolution by quasi-independent comparison with 
large subunit rRNA phylogeny, and suggest a frac· 
tion of primary nuclear rONA ITS sequence data as 
novel taxonomic character. A major taxonomic shifl 
is suggested, supported by molecular and morpho
logical characters, and allowing inclusion of species 
wi th gilled hymenoph.ores in POiyporilS. Two new 
names are proposed: Polyporlls pllyUostipes 
D.KROOER. nom. nov. and Polyporus gerdai 
D.KR.OOER. nom. nov. 

1 Introduction 

Onc of the more conspicuous genera of pore 
fungi. Po/yporus (Basidiomycotina) has been in 
use since 1729 (MICHELI 1729). Thc name 
represents a basidio mycete aUiance with a 
history of periodic contraction and expansion. 
When AOANSON (1 763) took up MtCHELI'S 
name Poiyporns, he omined reference to a 
figure (PI. 7 1, Fig. I ) later selected as the ico-

Zusam mc nfassung 

Die Ganung Po/yporus (Basidiomycetcs) - eine 
Emendation auf dcr Basis von Phylogenie und 
mutmafilicher sekundiirer Struktur der riboso
malen RNA-Molekille 

Die Pilzgattung Polyporus, eine Gruppe Wei6F.iule 
erregendcr holzbewohnender Basidiomycelcn, wurde 
Uber nahczu drei lahthundcrte vielrach expandien 
uDd verkJcincrt. Sei der dcrzeitigen Gattungsurn
schreibung von Polyporus gilt die Gattung a1s rucht
monophyletisch. Anen der Polyporus-Gruppe Poly· 
porellus sind eng verwandt zu eirugen Lentinus· 
Anen. Anhand quasi.unabMngigem Vergleich mit 
der Phylogenie der rRNA dcr croBen Untereinheit 
(LSU) stellen wir Daten zur Evolution der ITS2 
Spacer rRNA vor, und schlagen ein ITS Kern· 
rONA-Fragment ab taxonomisches Merkmal vor. 
UnterstiilZl mit molckularcn und morphologischen 
Daten wird eine grundlcgende taxODomische Ver
schiebung vorgeschlagen, welche Anen mit Lamel
len-Hymcnophoren in Poiyporus erlaubt. Zwei neue 
Namen werden vorgeschlagen: Polyporus phyllosti· 
pes D.KROGER, nom. nov. und Poiyporus gerdai 
O.KROGER, nom. nov. 

notype for the Pol)porus generic type species 
P. tuberasfer by DoNK (1960; 261 ). Circa 
1812, PAULET (Icon, Champ.) used the name 
Polyporus in seven binomials, with p, 111m; 
PAULET' the first name mentioned. 

FRIES ( 1821; 34 1), in sanctioning Po/yporns 
as " Poiyporns MICHal p. 129" , applied the 
name to almost all polyporcs, leaving Fisfulina 
BULL. and Daedafea PERs. separate. Published 
by NuNEz & RYVARDEN (1995), the latest 
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monographic treatment contained only 32 spe
c ies. They were arranged in six infrageneric 
groups that were not given ranks. Those groups 
were Dendropofyporus. Pofyporus s. str. 
(= Squamosus group), Pofyporeflus, Melano
pus, Admirabilis, and Favolus. Several species 
have been added or resurrected more recently 
(BUCHANAN & RYVARDF.N 1998; OAI 1996, 
1999: HA TIOR! 2000; POPOFF & WRlGHT 1998: 
THORN 2(00). 

The following lectotypifications have been 
proposed: i) M URRILL (1903) first selected a 
lectotype for Polyporus (MICHELI) PAULEIT: 
PAULET'S first species, P. ulmi PAULET [Icon. 
Champ.: PI . J3 (l793) -OONK (l960: 261) 
gave the date as 1812- 1835]. MURRIU ( 1903) 
regarded p, ulm; as synonymous with P. squa· 
mosus H UDS.: FR. and P. caudicinus SCOP.: 
FR. Admittedly using the then fashionable 
"first-spccies-rule" which has been judged 
mechanical (ICBN St. Louis Code by GREUTER 
CI al. 2000: 12 Art, 9.2 and 16 Rec. 9A.2.), this 
lectotypifi cation is not tenable. ii) CLEMI:.NTS & 
SHEAR ( 193 1: 347) selected P. brumalis 
(PERS.) FR. as type of Polyporus (MICH.) FR. 
Thcy chose the type " from the best known or 
more important species . .. in order to avoid 
ehange and ensuing confusion as far as possi
ble" [CLF.MENTS & SHEAR ( 193 1: 15): an ar
gument also used by REDHEAD & GINNS ( 1985) 
10 defend a CLEMENTS & SHEAR typification of 
Lenrinus (see below)]. Polyporus brumalis is 
the sixth species in FRIEs (182 1: 348) of " Poly
porus MICHEL." B. Microporus Trib. I . 
Mesopus. CLEMENTS & SHEAR (I . c.) referred to 
Polyporus as "Polyporus (MICHELI) FR. Epicr. 
427 ( 1838)", where one finds FRIES himself 
referring to "S. M. p. 341 " (i.e. FRIES 182 1: 
34 1) and giving P. brumalis as twelfth species 
(Epicris. Syst. Mycol.: 430). Thus, CLEMENTS 
& SHEAR cenainly did not use mechanical 
means of selecting types, making their pro
posed lectotype the first acceptable type for 
Polyporus. iii) DoNK (Meded. Nederl. Myco!. 
Ver. 22: 124- 126, 1933) instead selected 
P. ruberusur as a species common to MlCH· 
ELI'S, PAULET'S. and FRIES' sense of Polyporus 
(see OONK 1960: 262). OONK ( 1960: 263) 
dismissed CLEMENTS & SHEAR'S lectotypifica
tion, as he considered P. brumafis as only 
"doubtfully representcd" among specics illus
trated by MICHELI . Dismissal of the valid 1931 

lectotypification based on this argument is not 
supported by the rCBN (GRElITER et al. 2000: 
12 Art. 9.2 and 16 Rec. 9A.2.). as any species 
included by FRIES in the sanctioning volumes 
may be selected as type. iv) Without expressed 
justification, CUNNINGHAM (1948: I) proposed 
P. arcularius (BATSCH) FR., as type, but this 
is later than CLEMENTS & SHEAR's proposal. 
The species names Polyporus arclilarius, 
P. brumafis, and P. ciliarus have been misap
plied in the past (KREISEL 1963), perhaps hav
ing led to P. arcularius being Slaled as [}'pe by 
CUNNINGHAM (1948). 

OONK'S seleclion of P. tuberaster was fol 
lowed by BONDARTSEV & SINGER (1941: 58), 
lMAZEKI (1943: 61), KREISEL (1960), and Rv· 
VARDEN ( 1991 ). RVVARDEN (1991) erred in 
attributing the choice of P. ruberosrer to MUR· 
RILL (1903). After pointi ng out that the correct 
type must be P. brumalis (NON-EZ 1993), 
NUNEz & RVVARDEN (1995: 7) opted for 
P. tuberaster to stabilizc use of the genus name 
Polyporus, resulting in a renaming of unranked 
infrageneric groups belween 1993 and 1995. 
NONEz & RVVARDEN (1995) stated that MUR· 
RIU_ (1903) selected P. caudicinus (SCOP.) FR. 
Pofyporus caudicinus (1903; ut "P. caudicinus 
(SCOP.)" (= Boletus squamosus Huos. = Poly
porus squamosus H UDS,: FR,)} is a misapplica
tion of Polyporus caudicinus [I. SCHAEFFER 
"fig. 131- 132" (bul Fung. Bav. Palat. Nasc. 
leones. 4: 86 is 1774) ex SCOPOLI, Fl. Carnio!. 
cd. 2, 2: 469 (1 772)1 1. SCHROETER 1888 
[= Boletus imbricatus Buu . 1788 = Laetiporus 
sulphureus (BUlL. 1787) MURRILL 19201; 
the CBS AphyllophoraJes database al 
www.cbs.knaw.nVaphylloldatabase.htmllists 
P. caudicinus MURRtLL, J, Mycol. 9: 89 (1 903) 
as an illegitimate name non P. caudicinlls 
(SCOP.p . SCHROETER 1888. 

Reference of P. luberasler as type was 
based on three arguments: i) p, ruberasrer was 
a once cultivated organism deserving name 
stability (KREISEL 1960), ii) rejection of auto
matic first-name-rule typification (see NOt'lEl. 
1993; NONEZ & RYVARDEN 1995), and iii) 
stability of the use of the name Pofyporus. 
CORNER ( 1984: I I ) challenged P. ruberasrer 
as Polyporus lectotype, instead opting for 
P. sqllamosus HUDS.: FR... reporting that 
P. squumosllS had the typical hyphal construc
tion of PolYPorlls s.s tr., and that P. fuberasfer 
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was poorly known. These taxonomic opinions 
cannot disqualify P. brumalis as fi rst selected 
lectotype. DoNK (1960: 26 1) suggested that 
P. tuberaster and P. squamosus might be con
specific, which has been refuted by mating 
studies by NUNEZ (1995) and molecular data 
(HIBBElT & DoNOGHUE 1995; KROGER 2002: 
e.g. 25, 150; KO& JUNG 2002a). 

The close relationship of P. (Polyporellus) 
arcularills (Polyporaceae CORDA 1839) and the 
giUed mushrooms of Lenlinu.f subgen. Lentinll.f 
(Lenlinaceae JOUCH 198 1) was confirmed by 
HIBBElT & VILGAL YS (1993). HIBBI:TI & D0-
NOGHUE (1995), and Ko & JUNG (2002a), 
although such positional proximity within the 
weakly resolved I Polyporoid [the "f' indicates 
a monophyletic clade, as in BAUM el al. (1998), 
MONCALVO et al . (2002) and THOMAS e l al. 
(2002)] was not seen in HIBBEn & DoNOG
HUE'S (2001) consensus tree. HIBBETI & VIL
GAL YS (1995) presented evidence for Lentinus 
being derived from polypores. as posrulated by 
PEGLER ( 1983: I I). Ko & JUNG (2002a) sug
gested that Polyponls sensu NONEZ & RY
VARDEN ( 1995) was not monophyletic based on 
mitochondrial rONA sequences. $0 far, no 
taxonomic arrangements to refl ect this inferred 
kinship of Lentinus and Polyporus have been 
proposed. 

The aim of this srudy was i) to invest igate 
LentimlS and Polypurus species relationship, as 
evidenced by nuclear large subunil DNA data; 
j i) to com pare the putative secondary structure 
of spacer nuclear r ibosomal RNA and define a 
consensus structure for taxonomic characters 
independent of large subunit primary sequence, 
and ii i) to deri ve a practicable taxonomic and 
nomenclatural conclusion for Lemillu$ and 
Polyporus. 

2 Materials and methods 

Co ll ec t io n s and m ic roscopy 

Collections (see Table I) were given field book 
numbers and annotated. Specimens were deposited 
in the University of Tennessee fungal herbarium 
(TENN). Identification was done using keys fur
nished by JOLtCH (1984). GILBERTSON & RYVARDEN 
(19R6- 1987), RYVARDEN & GILBERTSON (1993-
1994), and NUNEz & RYVARDEN (1995). 
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DNA extrac t ion 

DNA wa~ extracted from herbarium specimens or 
cul tures following protocols described by KROGER 
et al. (2003. 2004), using a modified xanthogenate
based procedure (TILLETT & NEIl..AN 2000). With 
culture material , a short centrifugation step and the 
removal of somc liquid wa'l done before proceeding 
to grinding. Mechanical cell disruption wa.~ canied 
oUi in 50 III TE extraction buffer or after the addi tion 
of thc xanthogenate buffer. 

peR an d seque n ci n g 

Amplification of the nuclear ribosomal large subunit 
(nLSU) gene was conducted with primers ITS 5 
(WHITE et al. 1990) and lR 7 or LRORllR 7 
( www.biology.duke.eduJfungilmycolabiprimcrs.htm). 
PCR par.unetcrs for the primer pair lROR and lR 7 
(20 J.ll reactions) were a~ follows: initial denatura
tion 94 "c for 3 min. followed by 37 cycles of dena
turation 94 cC for I min, annealing 46 cC for 1 min, 
extension 72 QC for 3 min, with adjustments when 
amplifying with primers ITS 5 and LR 7. Subsequent 
LROR and Nu-LSU333-5' (CfAAATAITGGC
GAGAGAC; T,.:; 53.R8 cC after calculation at 
www.genosys.com) cycle sequencing reactions 
(lOj.tl) contained 2 or 3J.l1 BigDye v. 2.0 reaction 
mix, 0.32 III 10 j.tl primcr, and approximately 25 ng 
tcmplate DNA. Excess primers and nucleotidcs were 
removed by an ethanol precipitation protocol: adding 
10 ,t! I dd H20, 50 J.lI 95% cthanol, and 2 j.tl 3 M 
sodium acetate (pH 5.2) to the cycle sequencing 
products; precipitation at room temperature for 
20 min. Next, samples were spun for 20 min 
(16,000 g). Supernatant wa~ removed, and the pellet 
was washed with 190 III 70% ethanol and re
centrifuged (5 min, 16,000 g). The supernatant alco
hol was pipened off, and the pellet was dried by 
incubation for I min at 90 0c. Sequencing reactions 
were analyzed on Perkin-Elmer automatcd se
quencers at the University of Tennessee sequcncing 
fac ility. 

Ph y l oge n e t ic a n a l yses 

Sequences obtained with elcclfOphcrograms were 
corrected in Ch.romas v. 1.45 (Technc1ysium Ply. 
Ltd., Australia), and assembled using a text editor. 
One additional sequence was imported from Gen
Bank (X78776, MONCAlVO ct al. 1995). C1ustalX v. 
l.64b (ThOMPSON cl al. 1997) and BioEdit v. 5.0.9 
(HAll 1999) were used in alignment. The data used 
here rcpresent a subset of a dataset in KROGER 
(2002), containing 24 taxa and 724 aligned charac
ters. All lrees were a-priori rooted with Hallcnbcrg 
2518-1 Neolenliporus maculatissimus, and proccssed 
in TREEVlEW v. 1.6.1. (PAGe 1996). 
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Table I 
Fungal material used for phylogenetic and Mfold analyses 

Strain numbers and/or Fungal species and C~~tryof Names of GenBank N6NEZ& 
herbarium voucher authors ongm collectors and number RYVARDEN 
numbers if known identifiers and study (1995) group 

Ganodermo. tsugae X78778 
MURRiLl MONCALVO 

et al. (1995) 
FBlOl26SBI2 lschnoderma resino· USA OK AJ487927 
(TENN57346) sum (WAHLENB.: (this study) 

FR.) P.KARST. 
FBI I lO l SRI I Lentinus tigrinus AJ487929 

(BULL.: FR.) FR. (this slUdy) 
FB9770 SBI5 (cullure Lentinus tigrinus Mongolia ITS sequence 
ex spore prinl ex cullUre (BULL.: FR.) FR. AF5 16518 
LE(BIN)0861 ) (KROGER et al. 

2004) 
FBlOI25SBI 17 Lenzites betutina USA OK AJ48793I 
(TENN57410) (FR.) PR. (this study) 
FB I I 279(TENN59088) Mycoboniajlava Argentina OK AJ487933 
(specimcn) (Sw.: PR.) PAT. (this study) 
Hallenberg2518 SBI I Neolentiporus maeu· Argentina N. Hallenberg AJ487935 
(FCUG) (culture) latissimus (LLOYD) & M. Rajchen- (this study) 

RAlCHENB. "'". FBI0901 SBI I Piptoporu.f beluli· Gennany DK & R. Elias AJ487936 
(TENN58384) nus (BUll.: FR.) (this study) 

P.KARST. 
DSH90.36 (DNA extr.l.c- Polyporus iI/veo/ilris D. Hibbett AJ487937 Favolus 
tion received from (DC.: FR.) BON_ (this study) 
David Hibbeu) DARTSEV & SINGER 
FBI0299SB12 Polyporus areu/a- Austria H. Voglmayr AJ487938 Polyporellus 
(TENN58370) rius BArSCH: FR. (this study) 
FBI0299SBT2 Po/yporus area/a- Austria H. VogLmayr ITS sequence Polyporellus 
(TENN58370) rius BATSCH: FR. AB070865 

(KROGER et al. 
2003) 

FB5085(TENN 59136) Polyporus badius USA RHP AJ48794 1 Melanopus 
(specimen) (PERS.) SCHWEtN. (this study) 
FBI0908 S814 Polyporus brumnlis Gennany OK AJ487942 Polyporeilus 
(TENN58391) ?ERS.: FR. (this study) 
FBI0908 SBI 4 Po/yporus brunlnlis Germany OK ITS sequence Polyporellus 
(TENN58391) ?ERs.: FR. AB070876 

(KROGER et al. 
2003) 

FBI0167 S81 9 Polypoms cilia/us Denmark H. Knudsen & AJ487943 Polyporellus 
(TENN57698) FR. R. H. Petersen (this study) 
FBlOI67 SBT 10 Polypoms ci/ialUs Denmark H. Knudsen & ITS sequence Polyporellus 
(TENN57698) FR. R. H. Petersen AB070883 

(KROGER et a1. 
2003) 

FBI 1254 SB I I Polyporus grammo- Paraguay OK& AJ487946 Favolus 
(TENN58943) eep/w.lus BERK. R. H. Petersen (this study) 
FBI0921 SBI 8 PolyptJrus guianen- Venezuela T. lturriaga & AJ487948 Melanopus 
(TENN58404) sis MONT. L. Ryvardcn (this study) 
FBI0489SBI IO Polyporus leprieurii Costa Rica J. L. Mata& AJ487949 Melanopus 
(TENN58597) MONT. R. H. Petersen (this study) 
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Table I (continued) 

Strain numbers and/or Fungal species and Country of Names of GenBank NONF.z& 
herbarium voucher authors origin collectors and number RYVARDEN 

numbers ifknown identifiers and study (1995) group 

FB I 1465 (TENN59326) Polyporw melano- Austria H. Voglmayr AJ48795 1 Meianopus 
(cul ture) pus (PERs.) FR. (this study) 
FB I0298 = Thom567 '" Poiyporus pseudo- Finland H. Kotiranta AJ487954 Admirabilis 
Kotiranta6472 (culture) betu/inu$ (MURASHK. (th is study) 

ex PILAT) THORN, 
KOTIR. & NI.EMEU.. 

FB 1083 1 (TENN58380) PQ/Yporus squama- USA M. Scholler & AJ48glQ6 Po/yporus 
(specimen) sus (H UDS.) FR. OK (thi.~ study) 
FB9579 S81 l Polyporus tricho- Puerto Rico R. H. Petersen AJ488 I 15 Poiyporellus 
(TENN56491) lonuJ MONT. (this study) 
FB9579 S81 I Polyporus /ficho- Puerto Rico R. H. Petersen ITS sequence Polyporellus 
(TENN56491) lorna MONT. AF5l6553 

(KROGER et al. 
2004) 

FB IOl97 (TENN57727) Polyporns tube- Germany R. H. Petersen AJ488 I 16 Polyporus 
(specimen) raster JACQ.: FR. (this study) 
FBI0962 SBI 19 Poiyporns vllrius USA OK AJ488 121 Melanopus 
(TENN58587) FR. (this study) 
FBl1 2 19 (TENN58908) Polyporus vjrglltus Argentina E. Albert6 AJ488122 Me1tmoplls 
(culture) BF.RK.& (this study) 

M.A.CURTIS 
FB8744 S817 Pseudofavolu.f Mexico R. H. Petersen AJ488 125 
(TENN55173):< Ryv S.n. cucullatus (Mom.) (this study) 
(2on!96) (culture) PAT. 
FB10198 S815 Trometes hirsuta Germany OK AJ488 129 
(TENN57728) (WUI.FF.N: FR.) (this study) 

"'wiT 
FBI0198 S815 Trometes hirsuta Germany OK ITS sequence 
(TENN57728) (WUU-W: FR.) AF516556 

PilAT (KROGER et al. 
2004) 

FB '" TENN field book number", CulTENN culture collection number. 
SBI '" single basidiospore isolate. 
TENN '" Univ. ofTennessec Fungal Herbarium, other herbarium acronyms from HOL.MGRE:o.I ct al. ( 1981) 

Maximum pars imony 

The program SEPAL (SAliSBURY 200 1) was used 
for a maximum-parsimony analysis with jackknife 
resampling procedure (EFRON & GONG 1983; 100 
pseudoreplicates, 20% deletion, 50% majority rule). 
In addition, branch support was cstimated by a cal
culation of decay indices (BRF-MER 1994). PAVP" v. 
4.0blO was also used to TBR-swap on the decay tree 
of SEPAL. All most-parsimonious trees (MPTs) 
found in this round, together with the SEPAL-
generated tree, were combined into one 50% major
ity ru le tree and displayed with indicated bipartition 
frequencies over 50% achieved in the jackknife 
analysis. All trees were also compared in their mi
nimum-evolution (ME}-seore, under the Kimura-2 
parameter model. 
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Bayesian posterior probabi lit ies 

Bayesian likelihood analyses were performed in 
MrBayes (HUElSENBECK & RONQUIST 2001), includ
ing parameter optimization on a general-time
reversible (OTR) likelihood model of sequence 
evolution with gamma-shaped distribution of rate 
heterogeneity. The analysis settings were (arter 
doing three independent analyses to decide on set
tings): 100.000 generations with a random starting 
tree, bum-in threshold of 10,000 trees, sampling 
frequency of 500. Six search chains of Markov 
Chain Monte Carlo were run in parallel. PAUP* v. 
4.0blO (SWOFFORD 200 1) wa~ used to examine the 
sampled trees from Bayesian analysis and to calcu
late an 80% majority rule consensus tree. Bipani
tions with over 60% support arc indicated in Fig. 2. 
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Puzz le like lihood 

Puzzle tree-reconstruction (STRIMMER & VON HAE
SEl£R 1996; STRIMMER et al. 1997) was run assum
ing a gamma·dislribUled rate heterogeneity (eight 
categories; approximated shape parameter, nucleo
tide frequencies, and transition/transversion bias 
estimated from thc data), HKY model (HASEGAWA 
ct aI. 1985). neighbour-joining tree as starting tree. 

L ikelihood-based tes t s 

The KishincrHasegawa (KISilINO & HASEGAWA 
1989) and Templeton (TEMPLETON 1983) tests im
plemented in PAUP* were Ulilized to compare all 
parsimony trees from SEPAL and PAUP* , a.~ well a~ 
the Bayesian likelihood consensus tree and the Puz
zle likelihood tree, in the significance of parsimony 
length differences. As the compared tree~ do not 
inelude a most-likely tree, these statistical tests do 
not fall under the circumstances described as im
proper by GOtnMAN et al. (2000). 

D isplay in g trees 

Trees were prepared for publication with TREE
VIEW v. 1.6. 1. (PAGE 1996) and data and trees were 
archived in TreeBASE (Study Number SII 13). 

ITS2 secondar y stru cture gen erat ion 

Secondary structure of rRNA spacers is im!'Ortant in 
ribosome assembly and thus must be under evolu
tionary constraints (LA LEV & NAZAR 2001). ITS2 
rONA boundaries were distinguished by comparison 
to published sequences for Saccharomyces cere
visiae; the 5.8S DNA region to RUBIN (1973), and 
the LSU rONA region to BAVEV et al. (1981). Fold
ing for ITS2 rRNA transcript was perfonned by 
Mfold version 3. 1 (ZUKER 2003) us ing free energy 
I:akulatiulls (defaul t condit ions: liul:aI' RNA se
quence, fold ing temperature of 37 °C, 20% subopli
mality, upper bound of 50 foldings, no limit to the 
maximum di~tance between paired bases. maximum 
number of nueleotides in a bulge or loop = 30, max
imum asymmetry o f an interiorlbulge loop"" 30). 
From the init ial ly predicted foldings, those most 
closely resembling the fou r conserved pairing re
gions (sterns) hypothesized for plants and green 
algae (MAl & COLE.\.IA1·" 1997), dinoflagellates 
(GoTIsCIILINO & PU'TNER 2004) and various unre
lated fungi (GARGAS & KROGER unpublished) were 
carefully scrutinized. We then repeated the foldings 
with shoner stretches of primary sequence data to 
obtain only the first two of these major stem-loop 
structures, tenned PI and P2 hereafter. This was an 
iterdtive proc:t:ss stopped once full ITS2 rRNA and 

partial ITS2 rRNA foldings inferred identical struc
tures for the PI through P2 part of ITS2. 

Compa r ing putative ITS2 st ru c ture 
with LSU ph yloge n y 

The 5' half of the 28S large subunit rRNA of the pre
rRNA transcript that is encoded by the data used for 
phylogenetic analyses is assumed 10 not interact on 
the secondary structural level with the ITS2 spacer 
pre-rRNA segment. Thus. we assume that the se
quences analyzed here for phylogeny and for puta
tive secondary structure are largely independent. 
1b.is al lows the postulating of hypothetical events in 
ITS strul:ture evolution when assuming the correct
ness of the phylogenetic trajectory indicated by LSU 
data. 

Nomenclat u re 

For nomenclature quest ions, we consulted the 
current ICBN Code (GRElJTER et a1. 2000. 
www.bgbm.fu-berl in.de/iapt/ nomenclature/code! 
SaintLouisl OOOOSt.Luistitle.htm). Synonymy was 
checked with various taxonomic li terature cited 
throughout, a~ well a~ using online databases 
(www,indexfungorum.org;STALPERS2004). 

3 Results 

Mooellest 

The general-t ime-reversible (GTR + G + I , 
- In L = 2,966.429) mode l was selected as best 
by Modcltest (POSADA & CRANDALL 1998), 
but in Puzzle we chose to usc the com
putationally less demanding HKY mode l 
(- In L = 3, 109.048) for likelihood assessments 
among avai lable models. 

Maximum parsimony 

The data included 74 variable but parsimo ny
uninformative characters and 94 parsimo
ny-informative characters, Swapping o n the 
SEPAL tree ( 174.560 TBR rearrangements) 
generated another 38 most-parsimonious trees 
(MPT) in PAUP*. Each had a leng th of 
384 steps (207 to 624 steps possible), 
C I = 0.539, and RC = 0 .310. The other parsi
mo ny trees scored with: 405 steps I 
C I = 0.5 11 / RC = 0.268/ ME-score = 0.52888 
(SEPAL), and 421 sleps I CI = 0.492 I 
RC = 0.268 / ME-score = 0.53952 (SEPAL 
jackknife: 20% dele tion). 
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Bayesian posterior probabilities 

180 trees were used to compute the 80% ma
jority rule consensus tree of the Bayesian 
analysis. The consensus tree had the following 
parameters: 405 steps I CI = 0.5 11 / RC = 0.268/ 
ME-score = 0.53994. It was identical to the 
SEPAL tree in parsimony parameters. 

Puzzle likelihood 

1O,626quanels (19.4% unresolved) were ana
lyzed, 1,888 site patterns (ound, and the shape 
parameter estimated as alpha = 0.12. The esti
mated transition/transversion ratio was 3.51 
and the estimated pyrimidine transi tion/purine 
transition ratio was 0.62. After thirteen itera
tions, likelihood converged on - In L = 3.009.90. 
The Puzzle tree scored (in PAUP"') with 416 
steps I CI = 0.498 I RC = 0.248 I ME-score = 
53,461. 

Likelihood·based tests 

The likelihood-based tests applied 10 nucleotide 
character change steps rejected all non
parsimonious trees. 

Tree depiction 

Shown herein are the following trees: the Puz
zle tree (Fig. I ) with Puzzle bipartition sup
pons. the Bayesian consensus (Fig. 2 left) with 
branching suppons over 50 indicated. and one 
of the MPT (indica led as besl in the likelihood
based teslS) with decay indices and jackknife 
bipartition supports (Fig. 2 righl). 

Secondary structure 

Each of the sequences used resulted in only one 
struclure (Figs. 3, 4) deduced with standard 
Mfold seuings. Nole that the placement of 
the basal base pair of the major stem-loops. 
and the size of the joi ner between them. de
pends on the eXlenl of sequence data pasted 
into Mfold. 

4 Conclusions 

Observed and inferred phenotypic characters 

The inflated generative hyphae as depicted by 
PEGLER (1983: e.g. p. 47 for L. rigrinus) for 
Lenrinus s. str. (subgcn. Lentillus. section Ti-
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grim'), and also found prominently in many 
young specimens of Pofyporellus by us (KRO
GER 2002) appear to be a unifying character for 
a Lentinus-Polyporelius alliance perhaps in 
addition to hyphal pegs as suggested by HIB
BElT & VILGALVS (1993). PEGLER (1983: 5) 
mentioned the sclerotialpseudosclerotia of 
Lentinus, which are also found in Polyporus 
(Squanwsus and Del1dropofyporus groups) and 
Laccocephalum MCALP. & TEPPER (NO~ 
1995; NUNEz & RVVARDEN 1995). II remains 
to be detennined whether the fomlation of 
sclerotia arose independently in the Lentinusl 
Polyporellus alliance and in other polypores. 

Polyporellus spp. differ from other Poly
porus spp. in spore sizes (Polyporus group 
Squama.ius spores are longer. see NUNF.2 & 
RYVARDEN 1995) and existence of widely 
inflated generative hyphae, especially tropical 
specimens of P. tricholo/1/a. and specimens 
fruited on sawdust (KROGER et al. 2003). Cen
tral lengths of skeleto-binding hyphae also can 
take the inflated fonn. with a varying width of 
lumen in thc wider part. Abrupt changes from 
generative to skeletal hyphae or vice versa can 
be seen at a clamp connection. Sometimes one 
can find irregulari ly-shaped clamp connections 
that also are branching poinlS. Other features 
typical for group Polyporellus may be mono
!.:aryotic fruiting (HOFFMANN 1978). and the 
sometimes fuzzy hirsute appearance of entire 
fruit bodies or caps (KREISFJ.. 1963; BREMER 
1986). Other basidiomata of P. brumalis and 
P. dl;atus develop reddish or ochraceous 
stains. occasionally impeding easy recognition 
in the field. Fuzzy and ciliate piJear surface 
and margin also can be found in species of 
Lent;nus (e.g. compare PEGLER 1983: 30. 32. 
38). 

Mfold inference of ITS2 structures was 
infl uenced by ambiguity codes in the sequences 
of Polyporu.f arcular;us, P. brumalis. and 
P. fricholoma. In particular. ambiguity lead to 
additional loops (e.g. ambiguity replaced by 
boxed N. see Fig. 3). We could not judge 
whether there were non-orthologous rONA or 
non-functional divergent copies (KO & JUNG 
2002b; KROGER e( al. 2004: RA7AflMANDIM
BISON et al. 2(04), or whether PeR or sequenc
ing artifacts led to the ambiguity. We drew 
binding indicators across the loops generated 
by the nuclcotide ambiguity (Fig. 3). ITS hy-
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NaoIentiponJ$ maculaljssimus ROOT 

Puzzle phylograrn. 24 taxa. Support for branching nellt 10 nodes. Pan; imony scores; 416 steps I C I '" 0.498 I 
RC = 0.248 

pervariability due to microsatellites has re
cently found renewed interest ill fungal mo
lecular phylogenetics (MIADLIKOWSKA et aI. 
2003; DEN BAKKER et al. 2004), and there is 
urgent need to re-evaluate secondary structure 
and concerted evolution of rONA repeats. As 
multi-gene phylogenies are accumulating, re
fining the models of sequence evolution of non
protein coding sequences, e.g. involving sec-

ondary structure infonnation (e.g. SMITH 

et al. 2(03), appears feasible. This is also ne
cessary in light of lack of resolution in single
gene phylogenies (ROKAS et aI. 2003) and 
finding break points of chimerics in environ
mental rONA PCR clone libraries (HUGEN
HOLTZ & HUBER 2003). 

Taking the LSU phylogeny as trajectory for 
the evolution of inferred rrS2 rRNA foldings, 

C 2004 WILEY-VCH Verlag GmbH & Co. KGaA. Weinhcim 



538 Feddes Repert" Weinheim 115 (2004) 7- 8 

- e' .... 1 __ _ 

94 Bayesian Likelihood - "279 ... ,."..,.... .... Milimum Parsimony 

" .--- -
L-

86, I - --, 
62.0 I 

100 

"-
,""""., . .......,....--- ' 92. S , 

rr.fr -, 
68,1 for 
bipartition ,"""","--

_ _ __ J 

p-{ 
..... ' " ... ---- - --, , , 

" I--
" 99 L-

92 -

92 I - -
78 01 fortipanition 

SJ 
con alnlng rce axa 

95 
91 

~ 

"",., --.. ~ --. ---10"'" -----_. -.----" ... --'1m --,,-,----
"' ..... --

~. --"fl' ---_ . ----._. ---.----t ... ,~ --,,,,,., --OI'''' _.-
", .... ._-

" .... ,- ,,,,..,, --

98,6 

_ ....IL _ _ ' 

,0,2&-2-"""""_ f7c'c,C' ____________ -1 
'_'·1~""'" 

Fig. 2 
Lefl: Bayesian dendrogram (80% majority rule consensus), 24 taxa. Support for branching nex110 nodes. 
'" I: Poiyporus ieprieurii I P. guianensis 'IS, above-located ta)(a split in bipartition, with 68% support for 
Poiyporus il'prieurii J P. guianensis clade. *2: Po/yporus badius I P. melanopus I P. virga/us supported as a 
distinct clade with 78% support. Parsimony scores: 405 steps I Cl ;" 0.511 I RC ; 0.268. R i gh t: Parsimony 
dendrogram, 24 taxa. One most-parsimonious tree. Jackknire support for branChing next to nodes. Decay 
indices in italics, decay phylogram topology indicated by dashed lines. Parsimony scorcs: 3&4 steps I 
CI = 0.5391 RC "" 0.310. (Double line. .. == topology not found in decay phylogram.) 

one can fonnulate patterns of character evolu
tion (Fig. 4. based on Puzzle tree Fig. I) within I 
Tigrinus-Polyporelfus. Starting from an un
specified common ancestor of bOlh Trameres 
and ITigrinus- Polyporelfus, a two-sided interior 
loop subterminally located in the first major 
stem-loop of ITS2 (labeled P I) at the base of 
boxed element I disappeared somewhere basal 
to the included Pofyporelfu$ and Lentinus taxa 
(hypothetical event a). Event b, TIC and G/C 
point mutations for element 2 of P. Irichoiomn, 

Cl2004 WILl;iY-VCH Y~rl.gGmIJH & Co. KGaA. Weinllcim 

allows for a structural synapomorphy. The 
enlargement of the tenninal loop of P2 (ele. 
ment 3) appears to be related to a hypothetical 
insenion of an A in the coding DNA in the 
ancestor of P. ciliatus (event c), Event d ap
pears to inelude several point mutations affect
ing the primary sequence within element 3 
which cannot accurately be placed on a branch. 
The one structural element that seems consis
tent with the suggested phylogeny is the loss of 
the interior loop associated with event a, allow-
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potheses contains the maJonty of included/ 
~ore·Po/yporus taxa: Puzzle: 80010, Bayesian: 
100%, 920/. parsimony jackknife support, 
decay index of 5. Publications based on resul ts 
in KROGER (2002) are underway 10 address 
further problems o f Polyporns evolution and 
systematics. 

Descriptions 

Poi)'J'Orlls AOASSON (Fam. PI. 2: 10. 176.3): FRIES, 
Sysl. Mycol.l: 341 (18ll) emend. D.KItOcEK 

Genus accepted as circumscribed by NUr1EZ & 
RVVARDEN (1 995), but including stipitate, 
wood-decaying fungi with dimitic hyphal con
struction [generative and skeleto-binding hy
phae, both can be inflated as in PEGLER (1983: 
47)]. lameBoid hymenophore, o ften ciliate cap 
margin. No decision is made about the concept 
of Lentinaceae JOUCH 198 1 vs. Polyporaceae 
CORDA 1839. 

The first author (OK) herewith proposes the 
following new combinations of Lenlinus sub
gen. LentilluS species: 

Poiyporus phyl/ostipa D.KROGER, nom. nov. 

• (replacing the priorable bm unavailable nomen
clatural synonym) Agaricus crin/tllS Linnacus, Sp. 
PI., ed. 2: 1644 (1763). 
.. LentinllS criniflls (l.) FR. , Sysl. Orb. Veg. : 77 
( 1825). 
nOli PolyponlS crinifllS SPRENG., K. Svcnska Vet.
Akad. Hand!. 1820: 51 (1820). 
/10/1 Agaricus crinilUS BERTERO, K. Svenska Vel.
Akad. Handl. 1820: 20 (1820). 
non Agariclls crin/IUS ScHWEIN., Sch!. Natut
forsch. Ges. Leipzig I: 89 (1822). 
• Pat/us crinitus (l.) SINGER, LiJloa 22: 275 
(1951). 

Ety mo [ogy : referring to gills and stipe. 

Ju stifi cation 

The need 10 circumvent creation of an illegiti
mate later homonym 10 P. cri/litus SPRENG. 
leads to the proposal of a new species epithet. 

Agaricus crinilus L. was adopted and hence 
sanctioned by FRI ES (Syst. Mycol. L 175, 
1821), and subsequently tTansferred to Lenti"us 
in the index of a sanctioning volume (FRIES, 
Syst. Orb. Veg.: 77, 1825; FRIES, Index Sysl. 
Mycol.: 107, 1832). This was under exclusion 
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of I) Agaricus crinitis BERTERO, K. Svenska 
Vel. Akad. Hand!. : 20 (1820):: Lentinus ber
tieri (FR. 182 1) FR. 1825, 2) Agaricus crinitis 
SCHWEIN., Schr. Naturforsch. Ges. Leipzig I: 
89 (1822) :: Lenlinlls strigosus (SCHWEIN. 
1822) FR. 1825, and 3) PolYPonls crinilis 
SPRENG. [= Boletus hydnoides Sw. 1806 sensu 
FRIES (UI Po/ypol'lls hydlloides), Syst. Mycol. 
I : 362 (1821) - Hexogonia (ut Hexagona) 
hydlloides (Sw. 1806) M.FIDALGO 1968]. 

Following the arguments expressed in the 
CBS Aphyllophondt:s database (STAL}'I:iKS 
2004), Polyporus crinitlls SPRENG. 1820 is a 
legitimate name sanctioned by use in FRIES in 
Syst. Mycol. I (1821) (GREUTER el al. 2000: 
Art. 13. ld), as is Agaricus crinitus L Both 
names are prolected against any potential ear· 
lier homonyms and synonyms (GRElITER et al. 
2000: Art. 15. 1). For the purpose of the no· 
menclatural process described here, PolYPonls 
c;rinirus SPRENG. is protected against any new 
combination. Polyporus crillitus based on a 
different type, such as Agaricus crinitlls L. In 
other words, according to Article 15.2. (GREU
TER et a!. 2000). the epithet crinirus is unavail
able for use in Polyponls because of the sanc· 
tione<! name P. crinitus SPRENG. We assume 
that P. crinitus SPRENG. and A. criniluS L. are 
different from each other, hence Po/yporlls 
crinitus SPRENG. is not priorable to a potential 
P o/yporus combination with A. crinitus L. as 
basionym. The epithets crinitus in P. crinitus 
and A. crinitus will still be available for use in 
other combinations. 

PolyporJlS gerdtli D .KR()GF.R. Dom. DOV. 

• (replacing the priorable but unavailable nomen
clatural synonym) Agaricus ligrlnus BUl.lIARD, Hist. 
Champ. France: PI. 70(1781). 

• Leminus ligrimlS (BUll.) FR., Sysi. Orb. Veg.: 
78 (1825). non Agaricus tlgrinlls SCHAEFFER, 
Fung. Bav. Palal. Nasc. Icones I: Tab. 89 
( 1762) • "I"richolonlo tigrinllnl (SCHAEfFER) FR., 
Hymenomycctes: 118 ( 1874) _ Pleurotus li
grinllS (BULl .. ) KOJI NER, Bul l. Mensuel Societe 
Linneenne Lyon, Numero Special 49: 895 
(1 980). 
"on Polyporus tigrinus E.ROSTRUP. BOI. 

Tidsskr. 24: 359 (1902) . Polyslictus ligrinus 
(E.ROSTR.) SACCo & O.sACC. (Syl!. Fung. 17: 128; 
1905) = current name Microporellus OboVUluS 
(JUNGHUHN 1838, Verh. Batav. Genootscb. 17 -
Praemissa in Floram Cryptogamicam Javae Insulae: 
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65) RYVARDEN 1972, Norw. J. Bot. 19: 232-see 
RYVARDfN & JOHANSEN. A Preliminary Polypore 
Aora of East Africa: 427 (1980) for synonymy. 

non Polyporus tigrinus PERs .• Mycol. Eur. 2: 54 
(1825) = Polyporus sqlKlmosU$ rHUDSON, A. An
glica ed. 2: 626 ( 1778) FR., SYSl. Mycol. : 343, 
182 1J, see FRIEs (Index SYSl. Mycol. : 148, 1832; 
Epicris. SySl. Mycol. I: 73, 1838) = older name 
PQ/Yporus juglllndis (J. SCHA!;FFER, Icone.~ 2: Tab. 
IOJ, Fig. 102, Fung. Ba .... Palat. Na'>C. [cones 4: 
75; 1774; ut il/glandis) Pus., Mycol. Eur. 2: 38 
(1825), see FRIES (Epicris. Syst. Mycol. I : 73, 
1838) ;; Boletus eellulosus LIGH1FOOT. A. Scot.: 
1032 (1778) non Boletus cellulosus MOlLER, A. 
Danica: Tab. 716-1 (1771). 

• Omphalio tigrino (BUll.) GRAY, Natural Ar
rangement of British Plants (London) I: 61 3 
( 182 1). 
• Podllorio ligrina (BULL.) KUNTZE, Revisio 
Gen. Plant. Vol. 2: 866 (1891 ). 
• Ulttodil4lll tigrinum (BULL.) EAItU::, Bull. New 
York Bot. Gard. 5: 434 (1909). 
I! Ponus tigrimlS (BUlL) SINOER, Lilloa 22: 275 
(1951 ). 

Ju st ifi ca tion 

The avoidance of an illegitimate later homo
nym leads to the proposal of a new species 
epithet. It is in honor of the major supporter of 
DK 's life as a graduate student. 

Lentinu$ tigrinus (Buu .. ) FR., Syst. Orb. 
Veg. (Lundae) I : 78 (1 825), was based on 
Agaricus tigrinus BULL., 1781 , and appears in a 
part of a sanc tioning volume, FRtES' Index 
Syst. Mycol. (1832). PERSOON'S name Poly
porus tigrinu:.· is considered legitimate and 
FRIES' synonymy (Epicris. Syst. M ycol. I : 73) 
is accepted, and hence the name P. rigrinlls 
E.ROSTR, is illegitimate, as would be any new 
combination with a different taxonomic type. 
Thus, the epithet tigrinus as in Agaricus tigri
nus BULL. is unavailable in Polyporus. 
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